All departments of an outpatient hospital ward of Nagoya University hospital were simulated to examine patient flows and congestion. The method of gathering the required data on times for all outpatients and their routes is described in the performing simulation, especially by making use of the electronic medical records. An outpatient visits one or more clinical departments and/or one or more test/inspection rooms, the reception area, and the payment department. In this procedure, a series of data of terminal units and of test/inspection terminals was used to obtain the required input data for performing simulation as well as the electronic medical records. It was found that the proposed procedure was quite effective to perform a simulation of a large-scale hospital to examine patient flows by applying an actual case.
INTRODUCTION
The simulation of hospital systems has been conducted to provide hospital administration with tools that will give them the ability to predict the performance under some operational conditions in conjunction with hospital facilities (Austin and Boxerman 1995; Fetter and Thompson 1965) . Especially, hospital emergency departments are frequent topic areas for applying simulations. Recent research has reported on such topics as the patient waiting times, reduction of the throughput time, and how to perform simulation experiments.
Several studies have focused on the patients who are processed at various stages through the emergency department. The patient flow and the throughput time were analyzed inside emergency departments (Garcia, Centeno, and DeCario 1995; Mahapatra et al. 2003; McGuire 1994; Samaha, Armel, and Starks 2003) . In addition, the issues of scheduling the emergency-department staff were treated for analysis, and were reported in several studies (Centeno et al. 2003; Draeger 1992; Evans, Gor, and Unger 1996) . The issues focusing on simulation models and designs were treated (Miller, Ferrin, and Szymanski 2003; Wiinamaki and Dronzek 2003) .
In this present study, a simulation model of the entire departments of the outpatient hospital ward of a university hospital was constructed and used to examine patient flows, especially the patient waiting times. The experimental data to be created included the arrival time of the patient and the patient type, based on the actual data. First, the time intervals spent at each stage for outpatients were measured, where the patients wait for available doctors, and test and inspection, and where they are processed at the medical treatments. Second, the patient waiting time was examined. In this study, a method of gathering required data on times for all outpatients and their routes is described to perform simulation, especially by making use of electronic medical records. Following this, the study shows the special-purpose data-generator designed to create experimental data to execute simulation. Through a series of simulation experiments, the patient waiting time and the congestion inside the hospital can be examined by applying the data generator.
NAGOYA UNIVERSITY HOSPITAL
The graduate School of Medicine of Nagoya University has a university hospital which comprises outpatient as well as inpatient wards with 29 clinical departments and 30 central clinical facilities. The university hospital has served as a general hospital. The average number of outpatients was 2061.5 and inpatients 844.1 persons in the fiscal year of 2005. The transition of the numbers of outpatients on a day of the week are shown in Figure 1 . The mean number of outpatients on Wednesday and Friday are fewer than those on the other days of the week. In addition, the mean number of daily outpatients in the past three years are shown in Figure 2 . Nagoya University hospital is planning to rebuild the hospital wards because the current building of the hospital remains superannuated. The overall layout of the outpatient hospital ward is shown in Figure 3 . The new hospital ward will consist of buildings with three stories above the ground and one below. With the coming new buildings, the number of the patients is certainly expected to increase after completion of the new hospital wards.
A PROCESS OF PATIENTS IN AN OUTPATIENTS HOSPITAL WARD
The university hospital has prepared a plan for the new hospital wards. Hence, the data on the current hospital wards are used to evaluate the performance on the new hospital wards in this study. The outline of the patient flows and the associated processes in the clinical departments are shown in Figure 4 . Basically, the outpatient arrives at the reception, has a test, and consults a doctor. After that, the patient pays expenses, and goes home. The electronic medical record is basically used for recording the history of medical treatment for the patient; in this study, it is utilized to prepare input data to perform simulation. A layout plan and the precise work shift of the staff are required for input data, and a time study on the test, inspection and treatment activities should be performed as necessary. The overall flow of the data processing proposed in this study is illustrated in Figure 5 , and can be itemized mainly as follows: First, a series of typical sequencing for the routing of approximately eight thousand outpatients was investigated on the electronic medical records for the specified five days. The frequency and the corresponding cumulative percentage for the sequence number are summarized in the ascending order in Figure 6 . It is observed that the top 152 sequences account for 72.15 percent of all outpatients. Among them, the most frequent group of sequences are illustrated together with frequency and their routings in Table 1 . For example, Sequence Number 90257991 appears 103 times in the electronic medical records of outpatients in five days observation, and its routing comprises the reception, the gastroenterology department, the orthopedic surgery department, and finally payment area.
The clinical departments considered in this study are summarized in Table 2 . In this table, the frequency stands for the average number that appeared in the sequences of outpatients in the electronic medical records. In addition, the numbers of the resource unit for clinical departments are summarized. Similarly, the parameters of the receptions of the clinical departments are summarized in Table  3 , and those of the test/inspection departments are summarized in Table 4 .
The selected resultant data are shown in Clinical Dept.
In case more patients are expected to be processed at the clinical departments, it is necessary to perform simulation experiments under any possible situation. Hence, a special-purpose data-generator was designed and developed to create experimental data in order to examine more congested situations, taking the current situation in the emergency department. This data generator was written in Excel VBA. Experimental data created consisting of the arrival time of the patient, the arrival time, and the route sequences (Takakuwa and Shiozaki 2004; Wijewickrama and Takakuwa 2005; Wijewickrama and Takakuwa 2006) . A similar idea for the data generator for simulation experiments appears in simulation of warehousing at distribution centers and at the internationaldeparture airport (Takakuwa et al. 2000; Takakuwa and Oyama 2003) . The generated data includes the arrival time of each patient and the sequence of the routing. By making use of these generated data as an external file input for the simulation model, experiments can be conducted under any specified conditions.
SIMULATION EXPERIMENTS
In this section, the above-mentioned procedure of preparing simulation data explains the process of obtaining the patient waiting times and consultation times, using numerical examples; consider the case of two thousand patients or the typical congestion in a hospital. In this case, all associated areas of the outpatient hospital ward were included in a simulation model that was used to examine patient flows, and to collect important statistics including all waiting time. The simulation models in this study were created using Arena (Kelton, Sadowski, and Sadowski 2006) .
In order to investigate the waiting times, the consultation times, and the degree of congestion inside the hospital ward, the ten replications of the simulation were executed. The 95% confidence interval on the average percentage of the waiting time and the consultation time for 26 clinical departments are shown in Figures 7 and 8 , respectively. The numbers of the clinical departments in these figures correspond to those in Table 2 . As expected, these figures show that the waiting time at the clinical department generally is much longer than the consultation time. The waiting times for consultation of the urology and the psychiatry departments are especially longer compared to those of all clinical departments.
The proposed procedure of gathering required data from electronic medical records is found to be quite effective to perform simulation of a large-scale hospital to examine patient flows and congestion. Furthermore, any situation can be simulated flexibly under the specific scenario by varying the number of expected outpatients and their mix, and/or the number of any resource units at the clinical departments in the hospital. 
SUMMARY
(1) A simulation model of the planned outpatient ward of a university hospital was constructed and used especially to examine the patient waiting time and congestion. (2) The method of gathering required data on times for all outpatients and their routes was proposed to perform a simulation, especially by making use of electronic medical records. (3) The proposed procedure was presented using an actual case to demonstrate the applicability to a large-scale university hospital.
